Grouped mice breed well in a warm environment but poorly in the cold. This could be the result of temperature-induced changes in behaviour. In order to test this, female mice were exposed to 4, 21, and 33°C in cages equipped with four box shelters arranged on either side of a narrow alley. Group sizes of 2, 4, 8, 16, and 32 were examined and observations were made on the distribution of mice, wood-wool, food, faeces, and urine between the shelters and the outside world and between the four box shelters. Observations were also made on the number of mice which shared one territory.
INTRODUCTION
In field populations, mice breed freely in the summer but infrequently in the winter (Southern and Laurie 1946; Breakey 1963; Pearson 1963; Lidicker 1966; DeLong 1967; Berry 1968; Newsome 1969) . Pearson (1963) and DeLong (1967) suggested that low environmental temperatures might contribute to this winter breeding depression.
Recently Pennycuik (1972a) showed that pairs of mice exposed to outdoor conditions bred equally well in summer and in winter. In addition, when pairs were exposed to 4, 21, and 33°C, 80% of the females became pregnant in all three groups (Pennycuik 1972b) . On the other hand, in groups consisting of 15 females and 1 male, only 7 % of the females became pregnant at 4 and 21 QC while 47 % conceived at 33°C (Pennycuik 1972b) . These results suggest that exposure to low temperature (4 QC), while exerting little effect on breeding capacity of females removed from the influence of other females, enhances the depressing effect of grouping on reproductive capacity. It is not known how low temperature exerts its effects on reproduction. One possibility is that it alters the amount of contact between the individual and the excretions of its companions. Urine, at least, is known to contain pheromones which affect reproduction, and other excretions may also contain them (Whitten and Bronson 1970) . Mice divide their time between their shelters, which are relatively small, and the external environment. If low temperature increased the amount of time they spent in their shelters, or if it increased the amount of nesting material or food taken there, or the amount of faeces and urine which accumulated, it might well affect their reproductive capacity.
Low temperature could also affect reproduction if it altered the number of mice sharing one living area-for example, if the animals aggregated into larger groups in search of warmth. If group size did increase when temperature fell, reproduction would probably be depressed, for Champlin (1971) found that oestrous frequency was high when group size was small but low when group size was large and Newsome (1967) observed an inverse relationship between group size and the frequency of anoestrous females in pen populations.
No one appears to have investigated the effects of temperature on the way mice utilize the space available to them, nor has anyone examined the effects of temperature on the number of animals sharing one territory. This experiment was designed to provide some information on these subjects by examining the behaviour of mice exposed to three different environmental temperatures and to group sizes of 2, 4, 8, 16, and 32 individuals. Females alone were used in order to provide as simple a system as possible for the analysis of the effects of temperature on space utilization and the number of animals sharing a single territory.
II. MATERIALS AND METHODS

(a) The Environment
The mice were exposed to temperatures of 4, 21, and 33°C. The cold room, air-conditioned laboratory, and chicken incubator in which they were housed and the pelleted diet (Allied Feeds) are described elsewhere (pennycuik 1972b) . Nesting material consisted of thin wood shavings 30-50 cm in length and 1-3 cm in width. Figure 1 iIIustrates the arrangement of the four box shelters within a cage. The cage walls and the four nesting boxes with individual lids were wood; the cage floor was a metal tray which could be removed and the cage lid was wire mesh. The nesting boxes were arranged in pairs on either side of a narrow alley, and each had a sliding door which could be used to trap the occupants of the boxes. The alley between the boxes contained the water bottle.
(b) Animals
The animals used were from a random-breeding stock formed by crossing mice from our wild colony with a laboratory stock, R70. Only adult females were used in this experiment.
(c) Procedures
On a Monday morning, approximately 7-8 g of wood-wool was placed in each nesting box, and a weighed amount of food was placed in the alley between the boxes. Two marked mice were then introduced into the cage and allowed to settle down.
On the afternoon of the same day the cage was re-examined through the wire mesh lid and a note made of the number of mice on the nesting box lids or in the alley. When the cage lid was removed the mice retreated to the nesting boxes. The doors of these were then closed and each box was examined in turn. A note was made of the number of mice in the box and of the ear numbers of the mice found there. Additional records were kept of the approximate quantity of wood-wool and food in the box and whether the mice had urinated in the box. Finally the alley was examined for wood-wool, food, and urination sites and the box lids were examined for urination sites. The cages were re-examined at 9.00 am and 4.00 pm on the following 4 days and on the Monday morning of the following week. Food supplies were replenished as pellets disappeared from the alley. The cages were examined on 10 occasions in all. Following the final observation the mice were removed while the contents of each box and the alley were transferred to plastic bags.
Using sieves, forceps, and a good deal of patience, the contents of the boxes and the alleys were sorted into the following components: wood-wool, uneaten pellets, food crumbs, and faeces. These were dried in an oven at 96°C for 48 hr. Each component was then weighed. If the contents of box or alley weighed more than 100 g, the unsorted material was dried, weighed, and a sample taken for sorting. Dry weights were also obtained for fresh food pellets from the storage bin.
In order to examine the behaviour of four mice, the two original animals were returned to the cleaned cage together with two new animals. The same procedure was followed in forming groups of 8, 16, and 32 animals.
(d) Estimation of the Amount of Wood-wool in the Boxes and Alley at the End of the Run
The total amount of wood-wool in the cage at the start of the experiment was approximately 30 g. However, if mouse numbers were high, the amount classified as wood-wool at the end of the experiment was sometimes increased to 40 g. This increase was due to food particles adhering to the wood-wool and to the addition of shreds of wood torn from the boxes by the mice. Various corrections were attempted, but none was satisfactory, so the absolute figures presented in the graphs have to be viewed with this error in mind.
(e) Methods of Estimating Food Intakes and the Amounts of Food Stored and Method of Detecting where the Mice ate their Food
Weighed quantities of pellets were placed in the alley at the beginning of each week and at intervals during the week. These pellets were eaten, or moved to the boxes, or reduced to crumbs in the alley or in the boxes. Food intake was estimated by subtracting the amount of pellets and food crumbs at the end of the experiment from the total amount .of food introduced into the cage. The quantity of food stored was defined as the weight of pellets and crumbs found in the boxes. The relative usage of different parts of the cage as feeding sites was assessed from the weight of crumbs found in the boxes and the alley.
(I) Urination Sites and the Frequency of Use of these Sites
Urination sites were found in the boxes, on the box lids, and in the alley. In the boxes these sites were always in the back corner and rarely in the front corner as well. On the lids the corners adjacent to the corners of the cage itself were the areas most commonly used, while in the alley urination sites were usually found just outside the box shelters. In all these situations, urination sites ranged from dried patches 1-2 cm 2 in area to wet areas covering 30 cm 2 or more. The usage of urination sites was quantified as follows: the cage was divided into nine areas (four boxes, four lids, and one alley). At each of the 10 examinations of the cage the urination site in the area was given a score of 0 or 1 depending on whether it has been used since the previous observation. In the course of a week each site could score a minimum of 0 (i.e. the site was not used at all) or a maximum of 10. In addition, the sites were classified as "dry" or as "wet".
III. RESULTS
(a) Distribution of Mice, Wood-wool, Food, Faeces, and Urination Sites Inside and Outside the Box Shelters Figure 2 illustrates the number of mice, the amounts of wood-wool, food, and faeces, and the usage of the urination sites inside and outside the boxes at the three experimental temperatures. At all group sizes, more mice, wood-wool, food, and faeces were found in the boxes at 4°C than at 33°C and urination sites in the boxes were used more frequently at the low than at the high temperature. The mice at 4°C were therefore brought into closer contact with their fellows than those at 33°C. At the beginning of each week all wood-wool was in the four box shelters. At 4 and 21°C the mice moved most of their bedding to the box selected as a nest site. At 4°C little of this was lost during the moves but at 21 °C strands lost in the alley were often not retrieved, especially when mouse numbers were high. No nests were built at 33°C and the mice frequently moved wood-wool from the boxes to the alley.
Both the uneaten pellets and the food crumbs found in the boxes were regarded as stored food in this experiment. Food crumbs were included because the mice at 4 and 21 DC produced several times more crumbs than those at 33 D C (Table 1) making it unlikely that all discarded crumbs were inedible.
The amount of food stored by each mouse was markedly affected by group size at 4 and 21 DC. At both temperatures food storage was inversely related to group size; however, the rate of decline with increasing mouse numbers was more rapid at 21 DC than at 4 D C (Table 1 ). In consequence total storage at 4°C remained relatively constant at about 400 g at all group sizes. At 21°C, on the other hand, total storage fell from 400 g at group size 2 to 100 g at group size 8 and remained at this level when 16 and 32 mice were present (Fig. 2) . Group size also had a marked effect on where the mice ate their food at 4 and 21°C. When numbers were low (2, 4, and 8 at 4°C and 2 and 4 at 21 DC) each animal ate the bulk of its food in the boxes. When numbers were high each mouse ate most of its food in the alley (Table 1 ). The distribution of faecal pellets suggested that the mice defaecated where they ate: the quantities of faeces in the boxes were high when the quantities of food crumbs in the boxes were high, but when the mice began to eat in the alley, the amount of faeces in the boxes declined (Table 2) .
Group size had little effect on the behaviour of mice at 33°e (Tables 1 and 2) . Accumulation of food and faeces in the boxes was proportional to group size (Fig. 2) .
At 33°e all nine areas available were used as urination sites even when only two mice were present. At 4 and 21°e the sites outside the boxes only came into use when the number of mice rose, and the recruitment of these additional sites was slower at 4°e than at 21°e. In consequence the number of "wet" sites inside the boxes increased more rapidly at 4°e than at the other two temperatures. In the graphs illustrating the number of mice, solid lines represent the means for each box when the nest was in the box containing the nest at the end of the run; dotted lines represent the means for each box when the nest was in the alternative nest site. In the graphs illustrating the quantities of food, shaded areas represent pellets and unshaded areas food crumbs. In the graph of the number of urine sites shaded areas represent the number of times the sites were classified as "wet" and unshaded areas when they were clasified as "dry". The bottom graph illustrates the urination sites on the lids of the boxes; again shaded areas represent "wet" sites and unshaded "dry".
(b) Distribution of Mice, Wood-wool, Food, Faeces, and Urination Sites between the Four Box Shelters
In addition to increasing the time the mice spent in their shelters, low temperature also affected the division of shelter space between the various activities carried out there. At 33°e the mice were found with almost equal frequency in all boxes [ Fig. 3(c) ], no nests were built, and wood-wool, food, droppings, and urination sites were found with almost equal frequency in all four boxes. In contrast, the mice at 4 and 21°e usually crowded into one of the four boxes available. This box contained most of the wood-wool, little food, few droppings, and little urine. The remaining boxes contained varying amounts of food and faeces and were used extensively as urination sites [ Figs. 3(a) and 3(b) ]. The box used as a nest site was not always the same one: at 4°C and group sizes 2 and 16 the mice moved the nest once, at 4°C and group size 32 they moved it four times between the same two boxes, and at 21°C and group size 16 they moved it three times between two boxes. At 21 °C when 32 mice were present two boxes were set aside as nest boxes. Because of these differences in behaviour, the mice at 33°C were brought into less physical contact with one another in their shelters than those at 4 or 21°C. The amount of contact between the mice at the two lower temperatures was probably comparable for groups of 2,4,8, and 16, but when 32 mice were present the animals at 4°C were in contact with more of their fellows than those at 21°C.
(c) Territories of Individual Mice
At all group sizes the mice at 33°C were dispersed between the four boxes and, at group size 32, the mice at 21 °C used two nesting boxes. Under these conditions the animals could have formed territorial subgroups. To test this possibility a plot was made of the number of mice which was found in each box on 0,1,2, etc. occasions (Fig. 4 ). The box (or boxes) used for nesting are indicated. Examination of the data for the mice at 33°C shows that all mice in the group were present in one or more of the boxes on at least one occasion. The same was true of the mice at 21°C: when 32 animals were present all were found at least once in each of the nesting boxes. There was therefore no evidence that one box was the exclusive territory of one particular group of mice. That is, there was no evidence that high temperatures favoured the splitting up of a group of mice into subgroups confined to separate territories.
IV. DISCUSSION
These results show that, at high temperatures, female mice tend to distribute themselves fairly evenly over the territory available to them, and that they eat, urinate, and defaecate with almost equal frequency inside and outside their shelters. As temperature falls they retreat to their shelters, where they carry out as many of their activities as possible in surroundings which are warm by comparison with the outside world. These differences in behaviour lead to closer contact between individuals at low temperatures than at high even when the number of animals sharing a single territory is the same.
Under the conditions used in this experiment, temperature had no effect on the number of mice sharing one territory. This may have been because the pens were too small, or it may have been because no males were present in the populations (cf. Crowcroft 1966) .
When mice were housed in groups of 15 females and one male, those at 33°C produced seven times more litters than those at 4 or 21°C (Pennycuik 1972b) . The results of the present experiment suggest that the differences between the group at 33°C and those at the lower temperatures may have been due, in part, to the inverse relationship between temperature and the degree of aggregation of the mice. If it can be shown that wild mice behave like those observed in these laboratory experi-ments, this change in behaviour with temperature may well help to explain the depression in reproductive productivity observed in the field during the cold months of the year. V. ACKNOWLEDGMENTS Mrs. Margaret McInnis and Mrs. Jillian Lovelace collected the data presented in this paper. The author would like to thank them for their efficiency and cheerfulness in carrying out a dirty and tedious job. She would also like to thank Dr. A. H. Reisner for his help in preparing this paper for publication.
